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Abstract 
In many situations, the manure produced by confined animal feeding operations (CAFO) 
needs to be treated before being land applied in order to prevent negative impacts on the 
environment. Treatment methods are focused on reducing organics, recovering nitrogen and 
phosphorous. The purpose of this study is to evaluate the efficacy of burnt-lime (Ca(OH)2) and 
bentonite clay precipitation system of recovering phosphorous from dairy wastewater and 
alligator wastewater and trapping any possible emissions of ammonia (NH3). Wastewater 
samples of flush dairy manure from a collection pit, dairy wastewater from an anaerobic lagoon 
and alligator wastewater from an anaerobic lagoon were investigated in this study. 
 The addition of burnt lime and bentonite clay solutions were found to be effective in 
removing 88.18% of total phosphorous (TP) and 100% of dissolved phosphorous (PO4
-
) from the 
flush dairy manure by the addition of 9% by volume of 10% lime solution (1:9 Ca(OH)2 to 
water) along with 0.9% by volume of 5% bentonite clay solution (24.25g in 485 mL water). The 
same concentrations of lime and clay solutions added in the same proportions to dairy lagoon 
wastewater resulted in a 99.86% reduction of TP and a 98.58% reduction of PO4
-
. The addition 
of 9.009% by volume of lime and 0.9% by volume of clay solutions to the alligator wastewater 
resulted in 99.95% and 95.76% removal of TP and PO4
-
 respectively. 
 The addition of lime and clay solutions resulted in raised pH of the wastewater. This led 
to a hypothesis of ammonium (NH4
+
) being converted to ammonia (NH3) and volatilized into the 
atmosphere. Acid traps were used in this study to evaluate the NH3 concentrations of wastewater, 
were found not to contain any detectable concentrations of ammonia indicating that there was 
minimal volatilization of NH3. The higher alkalinity values observed in all the wastewater 
samples indicated the presence of ammonium (NH4
+
) complexes in wastewater as ammonium 
ix 
 
hydroxide (NH4OH). Therefore, the addition of lime and clay solutions effectively removed most 
of the P present in the wastewater samples and there were no ammonia emissions detected. 
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Chapter One 
Literature Review 
1.1 Background     
Most animal feeding operations produce large volume of wastes, which are associated with 
unpleasant odors. With the evolution and expansion of this industry, the emissions from these 
wastes have caused persistent public concern and complaints. Animal agriculture is a $100 
billion per year industry in the United States, with livestock and poultry being raised on an 
estimated 1.3 million farms throughout the nation (CRS,2008). About 238,000 of these farms are 
considered animal feeding operations (AFO) - agriculture enterprises where animals are kept and 
raised in confinements. It is estimated that 95% of these farms raise fewer than 300 animal-units 
(AU) and are considered small businesses. An animal-unit (AU) is a comparison of a farm’s 
production size, where 1- AU is equal to the approximate weight of an adult cow (1-AU = 600 
Kg animal weight). Very large AFOs with more than 300 AU are defined as concentrated animal 
feeding operations (CAFO).  The impact of animal farming has become a major concern in the 
United States and other countries due to the growing number of concentrated animal feeding 
operations. The public and policy interests in animal agriculture are focused on the impacts on 
water resources because animal waste, if not properly managed, can harm water quality due to 
surface runoff, direct discharges, spills and leaching into soil and ground water (CRS, 2008).  
 The United States has approximately 65,540 swine operations that accommodate around 
60 million swine heads (Macaulay, 2007), producing large quantities of manure each year (EPA, 
2003). Most of these operations use anaerobic lagoons or pit systems for their manure storage 
and treatment. Any seepage of the manure into the ground water can lead to water quality issues 
(Macaulay, 2007). 
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The 6% of farms with more than 1,000 AU was estimated to contribute about 65% of 
nitrogen and 68% of phosphorous in 1997 (Jiang, 2009). Apart from manure handling issues, 
there are several air quality issues associated with animal farms. Animal feeding operations can 
lead to the emission of particulate matter, gases such as ammonia, hydrogen sulfide and volatile 
organic compounds (VOC), hazardous air pollutants; microorganisms and odor. Emission 
sources include barns, feedlot surfaces, manure storage and treatment units, silage piles, animal 
composting structures and other smaller sources, but air emissions come mostly from the 
microbial breakdown of manure stored in pits or lagoons and spread on fields. Each emission 
source will have a different profile of substances emitted, with rates that fluctuate through the 
day and the year (CRS, 2008). In order to address the air and water quality issues in the animal 
agriculture industry, it is necessary to thoroughly understand the emissions from these AFOs. 
According to the Clean Air Act, air emission is defined as any physical, chemical, 
biological or radioactive substance or matter that is emitted into the surrounding ambient air and 
contains air pollutants. Air quality is the concentration of pollutants in the ambient air and it 
directly affects human and animal health (Zhao, 2007). Ammonia (NH3), which is responsible 
for numerous air and water quality problems, is the main form of nitrogen compound in manure 
after digestion. Animal operations contribute 81% of the total NH3 emissions in the United States 
(Jiang, 2009). Ammonia has a strong, sharp characteristic odor that disperses rapidly in the air. 
Health effects at low concentrations include eye, nose and throat irritation; exposure at very high 
short-term concentrations can be lethal (CRS, 2008). 
Ammonia, due to its cohesive properties, when released from the surface of liquid 
manure storage structures rapidly adheres to particles in the air. This contributes to the formation 
of ammonium nitrate (NH4NO3) and ammonium sulfate ((NH4)2SO4). These particles form, to  
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varying degrees, in the presence of ammonia and oxides of nitrogen or sulfur. Once emitted, 
these atmospheric ammonia particulates deposit back to earth in rainfall, thus enhancing the 
nitrogen content of surface waters, which results in oxygen depletion in aquatic systems and 
excessive growth of algae, as well as acidification of the environment.  
Nitrates and nitrites are responsible for water quality issues arising from formation of 
nitrogen-bearing chemicals that can lead to detrimental health conditions (Upadhyay et al, 2008). 
In the United States, 22% of domestic water wells in agricultural areas have exceeded the 
maximum contaminant level of nitrate (Jiang, 2009). Recent research has found that in some 
regions of North America and Northern Europe, the rate of nitrogen deposition has exceeded the 
pre-industrial times. If continued at this rate, it is predicted that by 2050, the reactive nitrogen 
deposition will double what it was in the early 1990s (Upadhyay et al, 2008). 
Inorganic nitrogen can lead to eutrophication in aquatic systems. Eutrophication is 
defined as an increase in the rate of supply of organic matter to an ecosystem. In an extensive 
study by National Oceanic and Atmospheric Administration (NOAA) in 1999 on 139 estuaries in 
the United States, 44 of them exceeded the maximum eutrophication levels, and 40 estuaries 
depicted moderate levels (National Science and Technology Council, 2003). Global atmospheric 
sources of ammonia are shown in Table 1. 
Recovering nutrients from animal manure can mitigate the air and water quality problems 
of CAFOs, out of which approximately 36% experience nitrogen overloads and 55% experience 
phosphorous overloads respectively (Jiang, 2009). Another important concern is the buildup of 
manure nutrients in agricultural fields. Manure and several other fertilizers typically have an N:P 
ratio of 4:1. But the uptake of nitrogen by plants is higher when compared with the content in the 
manure. 
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Table 1-1: Global Atmospheric Sources of Ammonia (N-deposition). 
Source NH3  emission 
                 
 
Percent 
Dairy cattle 
Non-dairy cattle 
Buffaloes 
Pigs 
Poultry 
Sheep/ goats 
Other animals 
Subtotal domestic animals 
Fertilizer 
Agricultural crops 
Biomass burning 
Seas 
Other sources 
Total 
4.3 
8.6 
1.2 
3.4 
1.9 
1.5 
0.7 
21.6 
9.0 
3.6 
4.1 
8.2 
7.2 
53.7 
8 
16 
2 
6 
4 
3 
1 
40 
17 
7 
8 
15 
13 
100 
 
Thus, in most agricultural operations, manure is applied at rates to meet the nitrogen 
requirements resulting in over application of other manure nutrients such as phosphorous (P), 
sulfur (S), potassium (K) and magnesium (Mg). If land application rates exceed the plant uptake 
rate, the resulting excess concentrations of macro nutrients such as P, S, K and Mg may result in 
greenhouse gas emissions and contamination of surface and ground water (Vanotti et al. 2009). 
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Efforts have been made to recover these macro nutrients from manure in order to avoid water 
quality issues by agricultural runoff’s (Ann et al. 2000).  
1.2 Phosphorous Treatment Methods  
Physical removal of phosphorous by separation is the most common method being applied in 
CAFOs. Many CAFOs are equipped with separators to remove solids and debris from flushed 
water. The flush water is further treated in lagoons to allow natural degradation of remaining 
solids. The use of separators is a labor intensive method, requires expensive machinery and 
inefficient method for P recovery. 
  Another common method used in treatment of polluted waters are constructed wetland 
systems. These have the advantages of being self-perpetuating, cost efficient and low 
maintenance (Brooks et al., 2000). Several agricultural fields are being converted to wetlands in 
the United States, which can act as sinks for nutrients. But the eventual overflooding of water 
can lead to P runoff.  
 Biological P removal is another method for addressing the issues with P overloads in 
livestock applications. Biological P removal, also referred as enhanced biological phosphorous 
removal (EBPR), can be effective in removing phosphorous at pH levels between 7.0-7.3 and 
temperatures between 23-24 . EBPR is a method in which the P is removed from the 
wastewaters by microorganisms, which accumulate the P inside their cells as polyphosphates. 
These polyphosphate-accumulating organisms (PAO) are allowed to settle in a clarifier leaving 
clear water free from P. This method is prone to failures due to lack of activity from 
microorganisms under unsuitable pH, temperature and dissolved oxygen (DO) concentration 
(Martin et al. 2008).  
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Phosphorous removal from livestock waste waters by chemical methods has proven to be 
efficient and produced consistent results in most cases. Controlling P from point-source 
discharges has been practiced for the last twenty years. The use of chemical amendments in 
restoring phosphorous has its advantages, like ease of application and high P removal 
efficiencies (Ann et al, 1998). The use of aluminum (Al
3+
) and iron (Fe
3+
) salts as coagulants 
doubled the P removal efficiencies compared with physical separation (Jang and Graham, 1998). 
An efficient method for recovery of phosphorous is by precipitation through the addition of 
chemical compounds. The principle behind this method is the coagulation, flocculation and 
sedimentation. Coagulation is an established process that transforms small particles to large flocs 
for adsorbing the dissolved organic matter into aggregates that can be removed during 
subsequent sedimentation. Coagulation/flocculation is a three-stage process. The first and second 
being coagulant formation and particle destabilization. These stages are promoted with proper 
mixing of wastewater with chemicals. Particle aggregation is the third step, which is observed 
when inter-particle collisions are increased, resulting in floc formations (Jang and Graham, 
1998). The separation efficiency of floc depends upon the size and density of the floc produced. 
Chemical methods of P removal have been developed, some of which include removal of 
nitrogen (N) and phosphorous (P) by struvite (MgNH4PO4.2H2O) crystallization by using bittern, 
a byproduct in salt manufacturing, as a source of magnesium. Addition of bittern to swine 
wastewaters resulted in higher reaction rates, and it was observed that the extent of P and N 
removal did not change after 10 minutes (Lee et al., 2002, Suzuki et al., 2006). Vanotti et al. 
(1999) demonstrated extraction of phosphorous as struvite by using MgCl2, NaOH and adding 
polymer to enhance coagulation. Polymer treatment was found to be successful in removing 
organic P from liquid manure but not effective in removal of soluble P forms. William A. House 
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(2007) illustrated the range of compositions that can be stable in removing P as calcium 
phosphate minerals and calcite. Ye et al (2010) reported a maximum P recovery of 299.25 mg/L 
as magnesium ammonium phosphates and calcium precipitates at pH 9.7 during the experimental 
runs with swine wastewaters. Sheffield et al., (2010) conducted studies on P removal from dairy 
manure and waste management systems at South Central Idaho and South Eastern Louisiana and 
reported 83% removal of TP and 99.7% removal of dissolved P by lime precipitation as calcium 
phosphates. Chemical precipitation of phosphorous is considered an efficient and viable method 
for removing phosphorous from livestock wastewaters. However, producer-ready systems have 
yet to be developed and maintained. 
1.3 Ammonia Removal Methods                                                                                      
Ammonia removal methods have been studied for municipal, industrial and animal wastewaters. 
The commonly used methods include: biological nitrogen removal, ion exchange, stripping. 
1.3.1 Biological Nitrogen Removal (BNR) 
Nitrogen removal may be required before discharging treated wastewater to protect the 
lakes and other natural waters from eutrophication. Biological nitrogen removal reduces the 
nutrient level in wastewater, thus reducing the eutrophication potential. It is an effective process 
and has been widely used in favor of physical-chemical processes (Peng, 2006). BNR is a 
combination of nitrification and denitrification. In wastewater treatment, nitrification and 
denitrification occur as sequential processes. 
Nitrification is an aerobic process in which autotrophic bacteria oxidize ammonia or 
nitrite for energy production. It is normally a two‐step aerobic biological process for the 
oxidation of ammonia to nitrate (Equations 1 and 2). The commonly noted bacteria genera for 
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nitrification are the Nitrosomonas and Nitrobacter. These are denoted as autotrophic bacteria, as 
they derive energy from oxidation of reduced inorganic compounds (EPA, 2009). 
    
          
                             (1) 
    
          
 
                                                 (2) 
Biological reduction of nitrate to nitric oxide, nitrous oxide and nitrogen gas is termed as 
denitrification (Equation 3). It occurs in two processes: assimilating and dissimilating nitrate 
reduction. Assimilating nitrate reduction involves the reduction of nitrate to ammonia for use in 
cell synthesis and occurs when       is not available and is independent of solution-
dissolved oxygen concentration. Dissimilating nitrate reduction is coupled to the respiratory 
electron transport chain. Here, nitrate or nitrite is used as an electron acceptor for the oxidation 
of organic or inorganic electron donors (Metcalf and Eddy, 2003). 
   
       
                                                 (3) 
 
BNR has been studied for ammonia removal from animal wastewater at full scale without 
anaerobic digestion. After nitrification and denitrification, the ammonia emissions from an 
animal wastewater lagoon were reduced by 90% (Szögi et al. 2006). However, it is not possible 
to use nitrification and denitrification in post-treatment of anaerobically digested effluent due to 
the lack of sufficient electron donors for denitrification (Jiang, 2009). 
1.3.2 Ammonia Removal from Wastewater by Clinoptilolite Zeolite/ Ion-Exchange 
Method 
 
It is widely known that the presence of ammonia nitrogen compounds in wastewaters 
have harmful effects on water resources. Hence, research has been performed using Ion 
exchange with zeolites as a separation method for removal of ammonia from wastewaters. 
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Several studies have been performed on the removal of ammonia by natural zeolites from 
sedimentation effluents, municipal wastewater, drinking water and underground mine water.  
Clinoptilolite is one of the most commonly used zeolites for removal of cations and 
ammonia ions from aqueous solutions, with an average ion exchange capacity between 6.65 to 
16 mg NH4
+
/g. zeolite (Rahmani et al. 2004). It is a natural non-toxic and macro porous zeolite 
with a crystalline symmetry forming a cage-like structure of alumino-silicate units. In this 
method, the clinoptilolite used is ground to standard mesh measurements and is pretreated with 
sodium chloride solution and washed with distilled water. The pretreated clinoptilolite exchanger 
is then added to a solution of ammonium chloride and allowed to reach equilibrium. The steady-
state equilibrium was achieved in four days and was followed by separation of solids from the 
solution to measure the ammonium ion concentrations by either ion selective method or by the 
nesslerisation method (Jorgensen et al. 2003).  
 Depending upon the pH of the aqueous solution, ammonia may exist in non-ionized form 
(NH3) or in the ionized form (NH4
+
). The optimum ion exchange capacity is observed only at or 
below pH 7.0 (Rahmani et al. 2004). The ammonia ion exchange capacity depends on the 
presence of different cations in the aqueous phase. The amount of ammonia accumulated on the 
clinoptilolite can be given by the following equation. 
  
(     ) 
 
                                         (4) 
                    Where: 
         Q (mg/g) is the amount of ammonia absorbed; 
            (mg/L) is the initial ammonia concentration; 
            (mg/L) is the equilibrium ammonia concentration; 
         V (L) is the volume of the solution; and 
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         M (g) is the mass of the zeolite. 
From this equation, the amount of ammonia accumulated is calculated as the difference in 
the initial amounts and the amount present in the solution after equilibrium (Rahmani et al. 
2004). A comparative analysis of ammonia removal from simulated wastewater using zeolites 
such as clinoptilolite, dowex (an ion exchange resin) and purolite resulted higher ammonia 
removal efficiencies by dowex (Jorgensen et al. 2003). 
1.3.3 Stripping 
Ammonia stripping is commonly used as a refining application and separates ammonia 
from aqueous solutions based upon component differences in boiling points or vapor pressures. 
The process separates hydrogen sulfide (H2S) and ammonia (NH3) from wastewater generated 
from the crude waste sweetening process and hence is denoted as “sour water stripping”. An 
ammonia stripper column removes ammonia in aqueous feed as vapor from the top of the 
column, thus essentially lowering the concentrations in the effluent water from the bottom of the 
column to less than 10 ppm. Higher separation efficiencies can be achieved from larger 
differences in vapor pressures of ammonia and water (Elston et al. 2003). Ammonia forms 
ammonium hydroxide (NH4OH) in reaction with water. After the addition of bases like lime and 
caustic soda, the pH can be raised to 10.8 to 11.5 standard units resulting in the conversion of 
ammonium hydroxide ions to ammonia gas. Stripping is efficient with ammonia concentrations 
of 10 to 100 mg/L in most wastewaters (EPA, 2000). 
Ammonia stripping is based on the ammonium dissociation and the equilibrium between 
ammonia gas and liquid (Equations 5 and 6), while the process efficiency is dependent on pH 
and temperature (Equation 7). The value of    is obtained from Equation 8 (Jiang, 2009). 
NH4
+      
                       
                                        (5) 
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              (  )      (   )                                                             (6) 
                  
   
  
    
  
                                                                                      (7) 
                
 (       
    
 
)
                                                                               (8)                       
Where:  
H is Henry’s constant and dimensionless;  
[H
+
] is H
+
 concentration in mole/L; 
   is the ammonium dissociation constant; and 
T is the temperature in  . 
Stripping technologies typically consist of a tower or column packed with media to 
increase the contact area and a stripping medium such as steam fed in from the bottom of the 
tower. The ammonia solution is fed from the top of the tower and is allowed to trickle down 
through the column. Most of the volatile ammonia fraction present in the feed is removed when 
it contacts with the steam, thus leaving behind a purer solution (Elston et al. 2003). 
Successful applications of ammonia stripping have been developed for landfill leachate, 
sludge digester supernatant at municipal wastewater treatment plants, swine wastewaters, and 
dairy manure digester effluent (Jiang, 2009). 
1.4 Comparison of Ammonia Removal Technologies 
The ammonia removal technologies discussed earlier have been applied to municipal, 
industrial and other wastewaters. There has been no extensive study on applications of these 
technologies to agriculture wastewaters. The ion exchange does not demonstrate its applicability 
for larger scales like in the case of treating dairy wastewater. Other treatment methods such as 
various BNR technologies have been demonstrated for other wastewaters, but the applicability 
for dairy wastewaters is being studied as of this writing, but has not yet been commercialized. 
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Jiang (2009) reported the successful application of ammonia stripping to dairy wastewater 
following anaerobic digestion. It was also reported that the stripping process effluent was high in 
pH levels which were lowered to acceptable standards by biogas treatment.  
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Chapter Two 
Evaluation of Phosphorous and Nitrogen Removal in Alligator and Dairy 
Wastewater via Lime and Bentonite Precipitation 
 
2.1 Introduction 
Animal feeding operations (AFO) have been consistently increasing in size and number 
for the past two decades. Traditional farming practices have vanished, and this has not only led 
to an increase in concentrated areas of animal production but also to an increase in the 
concentrated areas of manure and waste storage (Macauley et.al, 2010). This increase in the 
concentrations of specialized farming practices has led to an imbalance in the distribution of 
phosphorous. There has also been an increase in the transfer efficiency of phosphorous from 
grain to animals. This in turn has led to excess inputs of phosphorous as fertilizer and feeds 
resulting in increased runoff of phosphorous from land to water (Sheffield et al. 2008). The 
majority of swine and cattle AFO’s use some method of earthen storage (basin, anaerobic 
lagoon, pit) to store and treat their manure. Any accidental seepage into ground water may lead 
to major problems, as this waste contains environmentally harsh chemicals, antibiotics, 
pathogenic bacteria (Macauley et.al, 2010). Although the nutrient content of the waste is a 
desirable factor for land application as fertilizer, over use of the waste lead to overloading of 
soils with N and P and heavy metals, which may act as potential threat to crops and an issue for 
water quality (Burkholder et al. 2007). 
Phosphorous losses in crop lands mainly occur due to soil erosion or runoff. Quantifying 
the P losses is uncertain, as the erosion rates differ within a single field. Phosphorous, a macro 
nutrient in manure, accelerates freshwater eutrophication, which is a major concern in most parts 
of the world.  Balancing P inputs and outputs at farm and watershed levels, while managing soil 
and P in ways that maintain productivity, is an alternative tool for reducing P losses to water. 
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Additional management strategies optimizing P use efficiency, refining animal feed rations, 
using feed additives to increase animal absorption of P, moving manure from surplus to deficit 
areas, and conservation practices such as reduced tillage, buffer strips, and cover crops, have 
shown to be effective in minimizing P losses to water (Sharpley and Sheffield, 2001). 
Phosphorous recovery from manure is a promising method to address these environmental issues 
by improving water quality and nutrient cycling.  
Available data indicates that current livestock waste management practices do not 
effectively protect water resources from contamination by excessive nutrients and microbial 
pathogens, and there is a need for additional treatment of the wastewater to recover excessive 
nutrients (Burkholder et al. 2007). Removal of phosphorous from soil by harvests and runoff has 
increased the production of phosphates from phosphate rock reserves significantly above the 
threshold rates to address the needs to replenish the agricultural soils. Although phosphorous is 
the 11
th
 most abundant element in the Earth’s crust, only a small percentage of P- reserves with 
high concentration is available for utilization in fertilizer production. The remaining phosphate 
reserves are physically inaccessible or have prohibitive levels of contaminants (Schroder et al. 
2009). The imbalance in the P- cycle and the depleting P- reserves worldwide has become an 
important concern for developing and implementing phosphorous recovery methods (Liu et al. 
2008). The recovery and reuse of manure P would reduce the load on the exhausting P- reserves, 
improve water quality and generate additional revenue for livestock producers. 
 Aquatic macrophytes have the capability of retaining nutrients from wastewaters. An 
extensive field-scale study was conducted on the high productivity and nutrient removal 
capability of floating aquatic macrophyte-based treatment systems for animal-based agricultural 
operations (Sooknah and Wilkie, 2004).  
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Very little work has been done regarding onsite P recovery, and the only possible 
reporting of a full scale phosphorous recovery process was at a centralized treatment plant 
involving calf manure treatment. Chemical precipitation of phosphorous has produced consistent 
results in recovering phosphorous from livestock wastewater (Lee et al, 2002), (House, 2007), 
(Ye et al. 2009), (Sheffield et al. 2010). Chemical precipitation has the capability to bind 
orthophosphates proportionally to added chemicals and polyphosphates to a great extent (Maurer 
and Boller, 1999). Brooks et al. (1999) reported the recovery of soluble phosphorous from 
wetland ecosystems using wollastonite, a calcium metasilicate mineral mined in upstate New 
York. Ann et al (1998) reported the reduction of phosphorous losses from soil using chemical 
amendments. The use of pre-polymerized inorganic coagulants in water and wastewater 
treatment systems to remove phosphorous by chemical precipitation and coagulation produced 
consistent results (Jang and Graham, 1998). The majority of the studies were conducted on swine 
wastewaters (Suzuki et al., 2006), (Vanotti et al., 2003), (Burton, 2007). 
Manure from dairy farms can be applied as a fertilizer to nourish soil with N (nitrogen), P 
(phosphorous), K (potassium), and the standard values of the N, P, K contents of dairy manure 
are 6, 6, 4 Kg/metric ton wet basis respectively (Wilkinson, 1979).  
A combined nutrient recovery system for removal of phosphorous and nitrogen from 
dairy and alligator wastewaters using burnt-lime and bentonite clay solutions has been designed. 
The objectives of the study are to increase the efficiencies of P removal by precipitation and N 
removal as NH3 by designing an ammonia trap system. 
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2.2 Materials and Methods 
The chemical P removal technique adopted in these lab-scale experiments was similar to 
that from the studies conducted by Sheffield et al (2010) in South central Idaho and South 
Eastern Louisiana. The technique involved addition of a mixture of Ca(OH)2 with water in a 1:9 
ratio mass basis to the wastewater sample and precipitating out the phosphorous content in the 
wastewater. The addition of lime induced a significant increase in the pH levels in the range of 
10-12 (Sheffield et al. 2010).  
Livestock wastewater contains high concentrations of CO(NH2)2 (urea)  and C5H403N4 
(uric acid). These compounds are the potential sources for the production of NH4
+ 
(ammonium) 
ions, which upon volatilization, produce NH3 (ammonia), a toxic gas and a potential threat to the 
atmosphere. The volatilization of NH4
+
 to NH3 is pH dependent and does not occur below pH 7.0 
(Arogo et al. 2001). It is hypothesized that at high pH levels with lime treatment, there is a 
potential for possible emissions of NH3 into the atmosphere, or the NH4
+
 ions may remain in the 
wastewater as NH4OH (ammonium hydroxide). In a lagoon, NH3 will be in solution with NH4 
according to the following equilibrium reaction (Equation 9).  
NH3 (aq) + H2O (aq)    ↔ NH4
+ 
(aq) + OH
- 
(aq)     ………………………………………….(9) 
The direction of equilibrium in equation 9 is controlled by pH. Increase in pH implies that the 
concentration of hydroxyl ion (OH-) increases thereby shifting the equilibrium towards left and 
subsequently more ammonia is liberated. On the other hand, increasing the water content of the 
lagoon by precipitation events, shifts the equilibrium towards the right causing ammonia to be 
more tightly bound in the solution (Aneja et al., 2000). 
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Figure 2-1: Schematic Diagram of Ammonia Trap Equipment 
 
This can be verified by analyzing the NH4
+
 (ammonium) ion concentrations of the 
wastewater before and after application of phosphorous treatment and also by conducting a test 
for ammonium hydroxide. Therefore, a second experiment to trap the possible emissions of 
ammonia has been conducted on a lab-scale basis.  
The setup for the experiment is similar to that used by Xue et al. (1998) with a few 
modifications. It consists of a 1 L Corning glass jar with an inlet and outlet on either side, 
equipped with a model 50006-00 bench-top stirrer from Cole-Parmer for mixing. The jar is 
connected in series to the inlet tube of a 250 mL Nalgene conical flask used as an acid trap. An 
air vacuum pump (model 224-PCXR8 manufactured by SKC INC.) connected to the other end of 
the trap is used to pull out air at a constant rate. The trap is filled with 1N sulfuric acid solution,  
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and the ammonia pulled through the system reacts with the acid and is trapped in the acid 
solution. The ammonia trap equipment is shown in Figure 2-1. 
2.2.1 Sampling 
The study was conducted on dairy and alligator wastewaters in South Eastern Louisiana. 
The wastewater samples used in these experiments were collected from the Louisiana State 
University dairy farm located at Gourrier Avenue, Baton Rouge, Louisiana. The farm employs a 
collection pit for flushed manure and wastewater from the holding pen. This allowed for initial 
separation of sand and debris by settling. Further, the treatment involved the wastewater being 
pumped into an open multistage anaerobic lagoon treatment system. The wastewater sampling at 
this location was done at the collection pit and in the lagoon No.1. 
 Flush dairy manure washed from the holding pen required for the sampling was collected 
from the pit using three 5 gallon buckets and mixed in a 32-gallon storage container. Samples of  
dairy wastewater from the lagoon No. 1 were collected at different points in the lagoon to make a 
representative using a 1-liter bottle and were filled up to 15 gallons in two 32-gallon storage 
containers. The manure samples were mixed thoroughly before performing the experiments. 
The second set of samples was collected from Insta Gator Ranch and Hatchery located in 
Covington, Louisiana. The ranch has three alligator grow houses that contain, 1400 alligators 
producing approximately, 9000 gal of wastewater per day. The wastewater is pumped into an 
anaerobic lagoon. Alligator manure samples from the lagoon were collected at different points in 
the lagoon to make a representative sample using a 1 L bottle and were filled up to 15 gallons in 
two 32 gallon storage containers. The manure samples were mixed thoroughly before performing 
the experiments. 
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2.2.2 Lab-scale Tests 
2.2.2.1 Phosphorous Recovery from Livestock Manure  
One liter (1L) samples of wastewater were filled in a series of twelve graduated imhoff 
cones manufactured by Wheaton Industries. A 10% lime solution was prepared by mixing 
Ca(OH)2 (burnt lime)  with water in a 1:9 ratio (mass basis) and was added to wastewater 
samples in the imhoff cones. Similarly, a 5% bentonite solution, prepared by mixing 24.25 g of 
bentonite clay with 485 mL of water was added simultaneously to each of the lime-treated 
samples. The treatment options chosen for the lime and clay solutions are shown in Table 2-1. 
The lime and clay treated samples were mixed for 30 seconds and allowed to settle for 30 
minutes before a sub-sample was taken for analysis. Measurements of the supernatant pH and 
volume of settled solids were recorded. The supernatant and the settled solids were separated and 
stored for analysis. 
 A total of 12 samples of settled solids and 12 samples of supernatant were taken per run. 
The supernatant was analyzed for dissolved solids, total phosphorous and phosphates. Settled 
solids were analyzed for suspended solids, nitrogen, phosphorous and potassium content. The 
experiments were triplicated. 
2.2.2.2 Ammonia Recovery from Livestock Manure: About 15 gallons of flushed dairy 
manure from the collection pit and 15 gallons each of dairy and alligator lagoon samples from 
the anaerobic lagoons were collected in storage containers as described before. A sample of 
wastewater was filled in one-liter mixing glass jar manufactured by Corning Incorporated and 
was constantly stirred using a bench-top stirrer (model 50006-00 by Cole-Parmer). The jar was  
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Table 2-1: Treatment Options Used in P-Recovery Tests 
SAMPLE 
NUMBER 
10% LIME 
SOLUTION (mL) 
5% BENTONITE CLAY 
SOLUTION (mL) 
1 0 0 
2 30 0 
3 30 10 
4 30 20 
5 50 0 
6 50 10 
7 50 20 
8 70 0 
9 70 10 
10 70 20 
11 100 0 
12 100 10 
        
connected in series with a 250 mL Nalgene conical flask used as an ammonia trap filled with 50 
mL of 1 N sulfuric acid. Air was pulled through the trap using an 224-PCXR8 air pump 
manufactured by SKC Inc. at a constant flow rate of 4 L/min. The lime and clay solutions were 
added to the jar, in consistent with the treatment options given in Table 2-2. Each sample was 
treated for 10 minutes. Readings for pH were taken using a bench-top pH meter and probe. 
Samples of the treated wastewater and the acid collected after 10-minute intervals were stored  
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Table 2-2: Treatment Options Used in Ammonia Recovery Tests 
SAMPLE 
NUMBER 
10% LIME 
SOLUTION (mL) 
5% BENTONITE CLAY 
SOLUTION (mL) 
1 0 0 
2 30 0 
3 30 10 
4 30 20 
5 50 0 
6 50 10 
7 50 20 
8 70 0 
9 70 10 
10 70 20 
11 100 0 
12 100 10 
 
and refrigerated at 4  before analysis. The wastewater manure samples were analyzed for the 
ammonical nitrogen and alkalinity. The acid samples were analyzed for the ammonical nitrogen 
content. All experiments were repeated three times.        
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2.2.2.2.1 Test for Ammonium Hydroxide (NH4OH) 
To evaluate the presence of NH4OH in the post-reacted samples, 50mL of wastewater was heated 
to reduce the total volume to 10 mL. Distilled water was added to the sample to bring up the 
volume to 50 mL. The sample was then tested for NH4
+
 concentration. Equation 10 illustrates 
that ammonia is released on applying heat to a solution of ammonium hydroxide (Witthaus, 
1919).  
               NH4OH + Heat   → NH3 (gas) + H2O …………………………..…………    (10) 
2.3 Results and Discussions 
2.3.1 Phosphorous Recovery  
The addition of 10% hydrated lime solution along with 5% bentonite clay solution to the 
raw manure and wastewater sample was found to be effective in reducing the dissolved 
phosphorous and total phosphorous levels. 
2.3.1.1 Flush Dairy Manure Solids, Supernatant Wastewater Samples from the Collection  
            Pit      
                     
The phosphate (PO4) concentration of the wastewater sample was 44.37% of the total 
phosphorous (TP) concentration. The percent reduction of TP and PO4 are presented in Table 2-
3. The addition of 9.009% by volume of 10% lime solution along with 0.9% by volume of 5% 
bentonite solution to the flush dairy manure samples resulted in 88.18% reduction of TP and 
100% reduction in the dissolved phosphorous (PO4) concentrations. It was observed that over 
65% of the TP was removed initially with addition of 30 mL of lime solution. An addition of 
only 100 mL of 10% lime solution without any addition of the 5% bentonite solution also 
resulted in an 85.4% reduction in TP and a 100% reduction in PO4. This indicates that the 
treatment technique removed more than the dissolved phosphorous from the supernatant, as the 
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dissolved phosphorous accounted for only 44.37% of the total phosphorous. This is due to the 
complexes formed by the non-settleable phosphorous with the Ca(OH)2 in the 10% lime solution 
in the settling floc. These non-settling P complexes are considered inhibitors to P removal in 
other treatment methods (Sheffield et al. 2010). The volume of settled solids after settling for 30 
minutes without the addition of lime and bentonite solutions was 4.3% of the total volume of 
wastewater. The volume of settled solids continued to increase with additions of varied 
percentages of 10% lime and 5% bentonite clay solutions. The reduction in concentrations of TP 
and PO4 is illustrated in Figure 2-2. 
The fast reaction of lime with P in the wastewater facilitated the precipitation of P as 
solids. The amount of solids produced from the post treated wastewater samples is shown in 
figure 2-3. The addition of bentonite solution aided the production of solids by facilitating the 
flocculation process. The raw, untreated flush dairy manure contained 3.29 g/L dry weight of 
settled solids, and the supernatant contained 2.26 g/L dry weight of dissolved solids. By the 
addition of 9.009% by volume of 10% lime solution and 0.9% by volume of 5% bentonite 
solution, the dissolved solids were reduced to 1.33 g/L dry weight, and the settled solids were 
increased to11.91 g/L dry weight. This indicates that an additional 41.31% of the dissolved 
solids were removed by the treatment with lime and bentonite solutions. 
The raw flush dairy manure wastewater without the addition of the 10% lime and 5% 
bentonite clay solutions produced 3.29 g/L of dry solids at a pH of 7.86, and an addition of 
9.009% by volume of 10% lime solution and 0.9% by volume of the 5% bentonite clay solution 
produced 11.917 g/L of dry solids at a pH of 11.68. The increase in the pH of the wastewater 
samples is due to the incremental concentrations of 10% lime solution added to the wastewater 
thus resulting in increased of dry weight of solids. 
24 
 
 The N,P and K concentrations of the solids produced are shown in figure 2-4. The dry 
weight of solids produced without the additions of lime and bentonite solutions resulted in 
22,660 mg/Kg of N (nitrogen), 6,226.62 mg/Kg of P (phosphorous) and 6,935.20 mg/Kg of K 
(potassium) in the solids. Whereas the addition of 9.009% by volume of 10% lime solution and 
0.9% by volume of 5% bentonite solution resulted in 9,363.33 mg/Kg of N, 6,353.16 mg/Kg of P 
and 5,001.03 mg/Kg of K in the solids. The reduction in the nitrogen content is due to the loss of 
NH4
+
 in the form of NH3 when heated during drying. 
The standard values of N, P and K content in the dairy manure to be used as a fertilizer 
are 6, 6, and 4 kg/metric tons respectively. It is observed that the final product of solids, even 
after the treatment with lime and bentonite solutions has an N, P and K values of 9.36 and 6.35, 
5.001 kg/metric tons. It is possible to achieve even higher N values if the solids are not 
completely removed of moisture. This can reduce the loss of NH4 (ammonium) in the solids 
resulting in higher N content. 
2.3.1.2 Dairy Composite Solids, Supernatant Wastewater Samples from the Lagoon 
A 98% TP drop was observed in the initial treatment step with addition of 30 mL of lime 
solution to the wastewater. Table 2-4 illustrates the percentage reduction of TP and PO4 with 
addition of lime and clay solutions. This indicated that most of the P was removed in the initial 
steps of lime treatment. The dissolved phosphorous (PO4) concentration in the dairy lagoon 
sample was 62.51% of the total phosphorous. A 99.86% reduction of total phosphorous and a 
98.58% reduction of dissolved phosphorous (PO4) were observed with an addition of 100 mL of 
10% lime solution and 10 mL of 5% bentonite clay solution. The concentrations of TP and PO4 
are shown in figures 2-5 and 2-6 respectively. 
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Table 2-3: Percent Total Phosphorous Reduction and Percent PO4 Reduction in Flush Dairy  
                  Manure Wastewater 
 
10% LIME 
SOLUTION/L 
waste water 
5%BENTONITE 
SOLUTION/L 
waste water 
Total P 
(mg/L) 
PO4 (mg/L) % TP 
reduction 
% PO4 
reduction 
0mL 0mL 73.58 32.64 0 0 
30mL 0mL 24.92 0.96 66.13 97.04 
30mL 10mL 25.36 1.36 65.52 95.82 
30mL 20mL 23.85 0.77 67.57 97.63 
50mL 0mL 20.43 0.19 72.22 99.41 
50mL 10mL 21.27 0.03 71.08 99.88 
50mL 20mL 19.26 0.63 73.81 98.05 
70mL 0mL 22.30 0.12 69.68 99.63 
70mL 10mL 18.26 0.16 75.17 99.50 
70mL 20mL 13.53 0 81.60 100 
100mL 0mL 10.68 0 85.47 100 
100mL 10mL 8.69 0 88.18 100 
 
 
The total phosphorous removal efficiency was improved by 11.68% in comparison to the 
flush manure wastewater. The increase in the solids concentration indicates the precipitation of 
phosphorous as CaPO4 (calcium phosphate), which allows it to settle at the bottom of the cone 
thus leaving a clearer solution above. It was observed that the addition of 10% lime solution 
along with 5% bentonite solution increased the pH values significantly from 7.0 to the higher end 
of the basic range. The increase in pH values is favorable to the proceeding of the reaction and 
generating solids with respect to time. The addition of clay solution favored the formation of 
flocs thus, increasing the amount of solids produced. 
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Figure 2-2: Reduction of Total P (mg/L) and PO4 (mg/L) in Flush Dairy Manure Wastewater 
                     
 
 
 
Figure 2-3: Effect of pH on the Dry Weight of Flush Dairy Manure Solids 
 
 
 
TP and PO4 concentration 
reductions at different lime 
and bentonite additions 
Increasing dry weight 
of solids with 
increase in pH 
27 
 
 
Figure 2-4: Concentrations of N, P and K
+
 in Flush Dairy Manure Solids 
 
   
The effect of pH on the amount of solids produced is illustrated in figure 2-7. The pH of 
the dairy composite samples was increased from 8.1 to 12.33 with the addition of 9.009% by 
volume of 10% lime solution and 0.9% by volume of 5% bentonite clay solution. This produced 
6.823 g/L of dry solids. A 42.75% reduction in the dry weight of solids is observed when 
compared with the solids produced by the flush dairy wastewater. This difference is due to two 
reasons. First, the cycling of different batches of wastewater in composite lagoons may contain 
different levels of solids and the settling of solids due to gravity over a period of stagnant time. 
Second, the biological degradation of the solids over a period of time by microbial population. 
The dry weights of solids in the untreated dairy composite waste water were 1.45 g/L of 
dissolved solids and 1.11 g/L dry weight of settled solids. The addition of 9.009% by volume of 
10% lime solution and 0.9% by volume of 5% bentonite solution resulted in 0.416 g/L dry 
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weight of dissolved solids and 7.23 g/L dry weight of settled solids. Thus, by the addition of lime 
and bentonite solutions, 71.32% of dissolved solids were removed. 
The N, P and K contents of dry weight solids from untreated dairy lagoon wastewater 
were 22,693.3 mg/kg of N, 4,715.87 mg/kg of P and 8,930.38 mg/kg of K as represented in 
figure 2-8. The N, P and K contents in dry weight solids after the addition of different volumes 
of 10% lime solution and 5% bentonite solution were in the range of 4,903.3- 3,473.3 mg/kg of 
N, 5,645.2-3,656.98 mg/kg of K and 9,995.4- 5,793.62 mg/kg of P respectively.  
2.3.1.3 Alligator Composite Solids, Supernatant Wastewater Samples from Lagoon 
The addition of lime and clay solutions favored the effective removal of P from the 
wastewater. A 99% reduction of TP was observed with 30 mL addition of lime solution to the 
wastewater. This indicated that most of the P present in the wastewater was removed in the 
initial treatment steps. The percentage reduction of TP and PO4 are shown in Table 2-5. The  
(PO4) concentration of the alligator composite supernatant was 46.71% of the total phosphorous. 
An addition of 100 mL of 10% lime solution along with 10 mL of 5% bentonite clay solution 
resulted in a 99.95% reduction in TP and 95.76% reduction in PO4 whereas an addition of 100 
mL of 10% lime solution without the addition of 5% bentonite clay solution also resulted in 
99.93% TP reduction and 94.3% reduction of dissolved phosphorous. This is similar to dairy 
lagoon wastewater and flush dairy manure where the treatment method removed more P than the 
dissolved phosphorous, which indicates that the non-settleable P undergoes flocculation with the 
addition of the lime and bentonite solutions and is removed in the solids. Figures 2-9 and 2-10 
represent the removal of TP and PO4 from alligator lagoon wastewater. 
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Table 2-4: Percent Total Phosphorous Reduction and Percent PO4 Reduction in Dairy Lagoon 
                  Wastewater 
 
10% LIME 
SOLUTION/L 
wastewater 
5% 
BENTONITE 
SOLUTION/L 
wastewater 
Total P (mg/L) PO4 (mg/L) % TP 
reduction 
% PO4 
reduction 
0 mL 0 mL 42.08 26.30 0 0 
30 mL 0 mL 0.59 0.55 98.58 97.88 
30 mL 10 mL 0.74 0.31 98.22 98.78 
30 mL 20 mL 0.67 0.41 98.39 98.40 
50 mL 0 mL 0.13 0.24 99.66 99.07 
50 mL 10 mL 0.15 0.23 99.63 99.11 
50 mL 20 mL 0.11 0.67 99.73 97.43 
70 mL 0 mL 0.07 0.31 99.81 98.80 
70 mL 10 mL 0.08 0.38 99.79 98.53 
70 mL 20 mL 0.08 0.50 99.78 98.09 
100 mL 0 mL 0.06 0.37 99.85 98.55 
100 mL 10 mL 0.058 0.37 99.86 98.58 
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Figure 2-5: Reduction of Total P (mg/L) in Dairy Lagoon Wastewater      
 
 
 
 
Figure 2-6: Reduction of PO4 (mg/L) in Dairy Lagoon Wastewater 
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Figure 2-7: Effect of pH on Dry Weight of Dairy Lagoon Wastewater Solids. 
 
 
 
 
 
 
 
 
 
 
Figure 2-8: Concentrations of N, P and K
+
 in Dairy Lagoon Solids 
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The alligator wastewater contains fewer solids compared with the dairy wastewater.  
Wastewaters with high solids content are more likely to reduce P through lime precipitation 
treatment. The addition of bentonite solution aids in binding more solids in wastewaters like 
alligator wastewater.  The removal efficiency of total phosphorous with the addition of 100 mL 
of 10% lime solution and 10 mL of 5% bentonite solution was increased by 11.77% when 
compared with flush dairy manure wastewater samples. 
The addition of 9.009% by volume of lime solution and 0.9% by volume of bentonite 
clay solution to the alligator composite wastewater produced 8.493 g/L of dry solids at a pH of 
12.36, whereas at a pH of 8.06 and with no additions of lime and bentonite solutions, the dry 
weight of solids produced was only 2.80 g/L of wastewater. This explains that the macro 
nutrients such as P, Mg, K, N, Ca and S undergo complex forming reactions with the lime and 
bentonite solutions, raising the pH and producing large amounts of solids. The addition of clay 
solution favored the formation of flocs and producing more solids resulting in effective removal 
of P from the wastewater. Figure 2-11 illustrates the amount of solids produced with change in 
the pH. 
With no addition of the lime and bentonite solutions, the dry weight of the solids 
produced in the alligator wastewater samples contained 3,488.02 mg/kg of P, 646.85 mg/kg of 
K
+
 (potassium) and 16,263.3 mg/kg of N (Nitrogen).The N,P and K concentrations of alligator 
wastewater are shown in figure 2-12. With the addition of 10% lime solution and 5% bentonite 
solution, the TP content of the solids increased, but the K
+
 and N content of the solids decreased. 
This indicates that the solids are a good source for P and, depending on the requirements of the 
soil, the additions of lime and clay solutions can be altered to supply N, P and K in correct 
proportions. The untreated alligator wastewater, when allowed to settle produced 2.80 g/L of 
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settled solids and the clarified supernatant contained 0.383 g/L dry weight of dissolved solids. 
The samples treated with 9.009% by volume of lime solution and 0.9% by volume of bentonite 
solution resulted in 0.196 g/L dry weight of dissolved solids and 8.49 g/L dry weight of settled 
solids. The removal efficiency of the dissolved solids was observed to be 49.62%. 
The N content of the solids after the addition of 9.009% by volume of lime solution and 
0.9% by volume of bentonite solution resulted in 7,356.6 mg/kg of N in the solids. The loss of N 
in the solids was 54.76%. This is due to loss of NH4
+
 present in the moisture content of the solids 
when drying. Also, the pH of the raw, untreated sample was low compared to the lime and 
bentonite-treated samples thus, preventing the loss of N during drying. A possible method to 
prevent the loss of N to the atmosphere is to avoid complete removal of moisture during drying 
and adding polymers to absorb the moisture before being land applied or further processing. 
2.3.2 Ammonia Recovery  
2.3.2.1 Wastewater and Acid Samples of Flush Dairy Manure from Collection Pit 
It was observed before that the additions of 10% lime solution and 5% bentonite solution 
to the wastewater samples caused a significant rise in pH. The flush dairy manure wastewater 
sample from the mixing jar, without any additions of lime and bentonite solutions had a pH of 
8.02 and a concentration of 181.003 mg/L of NH4
+
 (ammonium). By the addition of 9.009% by 
volume of 10% lime solution and 0.9% by volume of 5% bentonite solution, the pH increased to 
12.47, and the NH4
+
 concentration was 186.86 mg/L. The little variation in the ammonium 
concentration is due to the ionization of NH4 present in sulfate, phosphate and chloride 
complexes in the solids to NH4
+
.  
 
34 
 
Table 2-5: Percent Total Phosphorous Reduction and Percent PO4 Reduction in Alligator Lagoon  
                  Wastewater  
 
10% LIME 
SOLUTION/
L wastewater 
5% 
BENTONITE 
SOLUTION/L 
wastewater 
Total P (mg/L) PO4 (mg/L) % TP 
reductio
n 
% PO4 
reductio
n 
0 mL 0 mL 27.71 12.94 0 0 
30 mL 0 mL 0.07 0.30 99.71 97.62 
30 mL 10 mL 0.09 0.25 99.65 98.02 
30 mL 20 mL 0.06 0.46 99.77 96.39 
50 mL 0 mL 0.02 0.42 99.89 96.70 
50 mL 10 mL 0.02 0.56 99.89 95.65 
50 mL 20 mL 0.01 0.63 99.92 95.10 
70 mL 0 mL 0.02 0.51 99.91 96.05 
70 mL 10 mL 0.02 0.40 99.92 96.85 
70 mL 20 mL 0.02 0.59 99.92 95.39 
100 mL 0 mL 0.01 0.72 99.93 94.36 
100 mL 10 mL 0.01 0.54 99.95 95.76 
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Figure 2-9: Reduction of Total P in Alligator Lagoon Wastewater 
                                 
  
 
 
Figure 2-10: Reduction of PO4 Concentration in Alligator Lagoon Wastewater   
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Figure 2-11: Effect of pH on Dry Weight of Alligator Wastewater Solids 
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Figure 2-12: Concentrations of N, P, and K
+
 in the Alligator Lagoon Wastewater Solids                                                                                  
 
According to the hypothesis mentioned earlier, NH4
+
 is volatilized to NH3 (gas) and is lost to the 
atmosphere at high pH. However, It was observed that there is no significant change in the  NH4
+
 
concentration in the wastewater sample, even though the pH is as high as 12.3.This indicates that 
there is no conversion of NH4 to NH3 (gas), suggesting that the NH4 complexes present in the 
wastewater samples are due to its presence as NH4OH (ammonium hydroxide).  
The alkalinity value of the raw, untreated wastewater sample was 1,166.66 mg CaCO3/L. 
The alkalinity of the sample with the addition of 9.009% by volume lime solution and 0.9% by 
volume of bentonite solution was 2541.66 mg CaCO3/L. This is an indication of the presence of 
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NH4OH in the post treated samples of wastewater. Several published studies (Aneja et al., 2000; 
Sommer et al., 1991) showed similar results for the relationship between NH4 flux and pH. 
Tests for ammonium hydroxide described earlier indicated no presence of NH4
+
 in the 
wastewater after heating.This indicates that all of the NH4 present in the wastewater is volatilized 
to NH3 (gas) and is lost to the atmosphere when heat is applied. Additionally, the NH3 
concentrations in the acid traps were below the detection limits, indicating that the NH4 remained 
in the wastewater as NH4OH.  
2.3.2.2 Wastewater and Acid Samples of Dairy Wastewater from Lagoon 
The untreated dairy lagoon wastewater had a pH of 8.08 and NH4 concentration of 27.95 
mg/L. The samples treated with 9.009% by volume of 10% lime solution and 0.9% by volume of 
5% bentonite solution had a pH of 12.76 and an NH4 concentration of 26.54 mg/L. The high pH 
value is an indication of the NH4OH in the wastewater, which indicates that there is no 
conversion of NH4 to NH3.  
 The concentrations of NH4 in dairy composite wastewater were 84.57% lower when 
compared with that of flush dairy manure samples. This is due to the loss of NH4 as NH3 to the 
atmosphere from the lagoon and also due to the nitrogen fixation by the microbial population. 
The acid samples from the trap did not have any ammonia, or the concentrations were 
below the detection limit of the probe. Further evidence was provided by the alkalinity of the 
wastewater which was 541.66 mg CaCO3/L for untreated waste water and 3,000 mg CaCO3/L for 
the sample treated with 9.009% by volume of lime solution and 0.9% by volume of bentonite 
solution. This is an evidence for the existence of NH4OH in the wastewater. 
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2.3.3.3 Wastewater and Acid Samples of Alligator Lagoon Wastewater 
The untreated samples of the alligator lagoon wastewater had a pH of 7.986 and a NH4 
concentration of 148.88 mg/L. The addition of 9.009% by volume of 10% lime solution and 
0.9% by volume of 5% bentonite solution resulted in a pH of 12.64 and NH4 concentration of 
135.95 mg/L. There is only a little reduction in the NH4 concentration, which is due to the 
binding of NH4 with compounds in the solids to form complexes. This indicates no conversion of 
NH4 to NH3. The ammonia equilibrium in the alligator lagoon wastewater was shifted towards 
the right causing ammonia to be tightly bound in the wastewater. Similar results were achieved 
by Aneja et al., 2000 and Sommer et al., 1991. 
The NH3 probe used to measure the concentrations of ammonia NH3 in the acid samples 
has a minimum detection value of 0.1 mg/L. The acid samples had no ammonia (NH3), or the 
samples had NH3 below the minimum detection value. This indicates that there is no conversion 
of NH4 to NH3 in the wastewater even though the water had a higher pH. The higher pH values 
were induced by the existence of NH4 as NH4OH, which is a base. The test for NH4OH also 
indicated that upon heating the wastewater samples, the NH4 concentrations were below the 
detection limit.  
Additional evidence is provided for the existence of NH4 as NH4OH in the wastewater by 
the alkalinity values. Alkalinity is the buffering capacity of the wastewater. Higher alkalinity is 
due to the presence of carbonates, bicarbonates and hydroxides and is measured in units of mg 
CaCO3/L wastewater. These compounds bind with the hydrogen (H
+
) in the water by raising the 
pH of the wastewater. The untreated wastewater had an alkalinity of 500 mg CaCO3/L, which is 
an equivalent of NH4OH. The alkalinity values with the addition of 9.009% by volume of lime 
solution and 0.9% by volume of bentonite solution was 3,083.33 mg CaCO3/L.  
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Figure 2-13: The Effect of pH on the Concentration of NH4 (Ammonium) in Flush Dairy Manure Wastewater  
 
 
 
 
 
 
          
Figure 2-14: Alkalinity in Flush Dairy Manure Wastewater 
 
Base pH- 10.0 
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Figure 2-15: The Effect of pH on the Concentration of NH4 (Ammonium) in Dairy Lagoon Wastewater  
 
 
 
Figure2-16: Alkalinity of Dairy Lagoon Wastewater 
 
pH of treated samples 
was above 10.0 
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2.4 Conclusions 
Livestock wastewater is a good source of phosphorous, nitrogen and potassium. The 
addition of lime and bentonite solutions to livestock wastewater has proven to be an efficient 
method for recovering phosphorous. An efficiency of 88.18% and 100% was achieved in 
removal of TP and PO4 from the flush dairy wastewater with lime and bentonite treatment. 
Similarly, 99.86% and 99.95% total phosphorous removal efficiencies were achieved for the 
dairy and alligator lagoon wastewaters.  
The efficiency of the phosphorous removal depends on the presence of large amounts of 
solids in the wastewater. These solids aid in the coagulation and settling of the phosphorous 
when treated with lime. Wastewaters like dairy wastewater contain large amount of solids that 
react with lime solution and form crystals of calcium phosphate, which settle at the bottom and 
are easily separated from the clarified wastewater.  
The amount of solids being produced is relatively low in alligator wastewaters when 
compared with dairy wastewaters. The addition of bentonite solution along with lime solution to 
wastewaters with small amounts of solids has proven to be effective. Bentonite, due to its stiff 
and sticky nature, aids in forming complexes with fine solid particles present in the water, which 
results in increase in the amounts of settled solids. Earlier studies with lime precipitation 
reported that alligator wastewater required additional volumes of lime to achieve similar 
percentages of phosphorous removal as dairy wastewater. But with the additions of bentonite, 
similar P removal efficiencies were achieved without any additional dosages of lime. The 
amount of solids in the lagoon wastewater of the  Louisiana State University dairy farm were 
lower when compared with flush dairy manure from the collection pit because of the recycling of 
the waste water in the lagoons and natural degradation of the solids by microbial population 
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Figure 2-17: The Effect of pH on the Concentration of NH4 (Ammonium) in Alligator Lagoon Wastewater 
 
 
 
 
 
 
Figure 2-18: Alkalinity of Alligator Lagoon Wastewater 
 
All the treated 
samples had a pH 
above 10.0. 
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Figure 2-19 (a): Wastewater Samples 1, 2 and 3 from Alligator Lagoon 
 
 
 
 
 
 
 
 
 
0 mL lime 
0 mL bentonite 
30 mL lime 
0 mL bentonite 
30 mL lime 
10 mL bentonite 
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Figure 2-19 (b): Wastewater Samples 4, 5 and 6 from Alligator Lagoon 
 
 
 
  
30 mL lime 
20 mL bentonite 
50 mL lime 
10 mL bentonite 
50 mL lime 
0 mL bentonite 
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Figure 2-19 (c): Wastewater Samples 7, 8 and 9 from Alligator Lagoon 
 
 
 
  
70 mL lime 
10 mL bentonite 
70 mL lime 
0 mL bentonite 
50 mL lime 
20 mL bentonite 
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Figure 2-19 (d): Wastewater Samples 10, 11 and 12 from Alligator Lagoon 
 
 
 
  
70 mL lime 
20 mL bentonite 
100 mL lime 
0 mL bentonite 
100 mL lime 
10 mL bentonite 
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The solids from the flush dairy wastewater and alligator lagoon wastewater were a good 
source of N, P and K, whereas the solids of dairy lagoon wastewater were a good source of 
phosphorous and potassium. The N content of the solids from treated wastewater was low due to 
the loss of ammonia to the atmosphere when completely drying the solids. Also, the nitrogen 
fixation by the microbial population and the ammonia emissions from the lagoon lead to reduced 
nitrogen content in the solids. This can be overcome by avoiding complete removal of moisture 
from the solids and by mixing with polymers to entrap the moisture, thus preventing the loss of 
valuable nitrogen. By doing so, the potential of the solids to be land applied is increased, thus 
generating additional revenue for livestock producers. However, each type of wastewater is 
different in its composition and nutrient content, so a detailed and descriptive study is required to 
determine the economic value of the fertilizer. 
The increase in the pH values of the wastewater samples when treated with lime and 
bentonite solutions aided the progress of the P reaction and settling with time. Also, the high pH 
values indicated the existence of ammonium as ammonium hydroxide in the water. The higher 
alkalinity of the wastewater samples indicated that ammonium ions were trapped in the water as 
ammonium hydroxide and not released into the atmosphere as ammonia. The study on 
equilibrium model for ammonia volatilization by Aneja et al., 2000, provides a basis for this 
conclusion. 
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Chapter Three 
Future Works and Recommendations 
 
 
3.1 Ammonia Recovery from Wastewater 
In the attempt to recovery of nutrients from poultry or piggery wastewater, ammonia, in 
large quantities, is released into the atmosphere. Ammonia, a colorless gas with a characteristic 
pungent odor, is a significant contributor to the nutritional needs of the terrestrial organisms. On 
the other hand, ammonia is toxic to water dwelling organisms and plays an important role in the 
long-range transport of acidic pollutants. Trapping ammonia and converting it into a product of 
commercial value, is challenging approach. 
As discussed earlier, it has been observed that a large quantity of ammonia is released 
into the air from wastewater lagoons. This result in a significant loss of N content of the fertilizer 
and also results in severe damage to the atmosphere. Several attempts have been made earlier to 
recover the ammonia and one such attempt to be done in the nearby future is discussed below. 
Ammonium salts are formed when ammonia and a strong acid in aqueous phase are 
reacted under controlled conditions. Ammonium salts have applications in agriculture as 
fertilizer and cattle feed, as a food additive and other medical applications.  
A stripping column designed using a non-corrosive PVC (poly vinyl chloride) pipe filled 
with packing media (pall rings) to increase the acid-gas contact area is under construction. A 
countercurrent approach of the acid and the gas is obtained in the column with the gas flow at 
constant pressure from the bottom of the column and the acid stored in the tank, being pumped 
into the column from the top of the tank. The acid flow is regulated at different intervals for 
efficiency. The salt formed by the reaction can be collected at the bottom of the tank with the 
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remaining acid solution being re-circulated. Different concentrations of acid can be used to 
determine the efficiency of the process. 
The parameters of the process to be governed are assumed to be the flow rate of the acid, 
the acid-gas contact area, pH, temperature, and the retention time of the acid in the column. The 
efficiency rates also depend upon the proper functioning of the acid pump and accuracy of the 
data stored in the computer. The load on the pump may alter the rates of efficiency and also 
increase the consumption of electricity. It is necessary to calibrate the flow meter and pH meters 
used for measuring the flow rates. These parameters are measured and stored in a data logger. 
This can be an input data for the implementation of automated control to avoid the overload on 
the pumps in the event of a malfunction. 
The application of the process is wide ranged and has found its importance in poultry and 
swine farms for wastewater treatment. Ammonia retained in the process as salt is of big 
commercial value. On the other hand, the environmental damage can also be controlled.  
3.2 Phosphorous Recovery 
The results obtained during this study are based on a laboratory-scale analysis. A 90-98% 
reduction in the total phosphorous of the wastewater was seen by adding different concentrations 
of lime and bentonite solutions. A pilot-scale study needs to be conducted in order to evaluate 
the efficiency and reliability of the treatment method.                                                                                     
A pilot-scale design of a reactor with a capacity to treat the large quantities of wastewater 
needs to be studied in order to determine the efficiency of the treatment method. The design 
includes a large-capacity tank to serve as a clarifier in recovering phosphorous as calcium 
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phosphates. The tank should be equipped with an industrial-scale mixer to ensure proper mixing 
of lime and bentonite solutions in the wastewater. 
A mixing box capable of mixing sufficient quantities of lime and bentonite solutions to 
be pumped into the wastewater should be installed. It is necessary to have a pump capable of 
pumping corrosive and sticky solutions like lime and bentonite slurries. A pump capable of 
pumping the required quantity of wastewater into the clarifier over a period of time must be 
chosen carefully during the design. The settled solids must be removed from the bottom of the 
tank frequently to avoid clogging and overloading the mixer. A parallel evaluation of the process 
of nitrogen recovery using microbial population needs to be studied in case of designing a 
complete nutrient recovery system. 
 The concentration of solids in the wastewater pumped to the clarifier may vary during 
each run, and it is difficult to characterize the wastewater. This may lead to overloading and 
overheating of pumps and mixers, as wastewaters such as flush dairy manure contain 
significantly larger amount of solids in contrast to the alligator wastewaters. The retention time 
of the clarifier must be studied carefully to avoid running the equipment for a longer period than 
required. The efficiency of the process can be controlled by considering the above factors during 
design. Implementation of automated programmable control to the equipment can reduce the 
loads of the mixers and pumps installed. 
A detailed study to characterize the wastewater being treated can have a impact on the 
efficiency of the process. Also, the economics of the system needs to be studied to reach a 
conclusion about the overall process efficiency. On the whole, the system must be designed to be 
compatible with different wastewaters and adaptable to the particular farm conditions. 
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3.3 Fertilizer Potential of Recovered End Product 
The end product of dairy manure solids in the lab-scale tests contained sufficient 
quantities of nitrogen, phosphorous and potassium to be used as a fertilizer. This may not be the 
case in all wastewater sources as the percent content of N, P, and K may vary depending on the 
type of wastewater. For instance, the solids produced from the dairy composite water samples 
had significantly large amounts of P and K but had low content of N. This was due to the loss of 
nitrogen in the form of ammonia to the atmosphere from the lagoon, and also when drying the 
solids. 
The application of fertilizer to the agricultural soil depends upon the requirement of 
nitrogen by the plants. This predicts that if the final product has low N content, attempts made to 
meet the N requirement of the soil may lead to over application of P and K. This can be avoided 
by testing for the N, P and K contents of the solids.  
 An alternative to avoid the loss of N and the value of the product, complete removal of 
moisture from the solids must be avoided and a detailed study on the contents of N at various 
percentages of moisture in the solids must be done. By doing so, the costs of drying the product 
can be reduced, which is a plus to the economics of the system. By considering the above 
recommendations, a valuable end product can be produced. 
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Appendix 
A.1: Alligator Lagoon Solids Profile 
 
Sample 
Number 
TDS in 
1L waste 
water 
(g) 
Total 
Solids 
(g) 
K 
(mg/L) 
P 
(mg/L) 
C% 
Dry 
wt 
N% 
Dry 
wt 
Ash (%) Organics 
% 
S10209R1 0.35 2.66 700.40 3495.36 7.90 1.57 75.45 24.54 
S20209R1 0.35 2.66 576.33 8966.26 11.36 0.54 86.11 13.88 
S30209R1 0.25 2.929 773.26 8843.62 10.32 0.79 86.34 13.65 
S40209R1 0.4 3.435 809.37 8153.72 9.86 0.75 85.15 14.84 
S50209R1 0.7 5.325 404.51 5781.72 10.19 0.32 95.18 4.81 
S60209R1 0.9 5.408 438.95 5590.1 10.26 0.39 88.98 11.01 
S70209R1 0.8 6.077 442.42 5559.28 9.76 0.50 88.82 11.17 
S80209R1 1 7.612 404.57 5757.84 10.13 0.47 93.18 6.81 
S90209R1 0.1 6.6 501.83 5742.06 9.77 0.52 92.80 7.193 
S100209R1 0.85 7.773 444.42 4787.18 9.86 0.51 91.09 8.90 
S110209R1 0.45 8.777 412.54 6972.48 10.2 0.76 92.76 7.23 
S120209R1 0.18 8.528 488.37 5164.94 9.73 0.55 91.23 8.76 
         
S10210R2 0.3 3.19 719.45 2494.22 7.12 1.37 74.74 25.25 
S20210R2 0.4 5.236 603.00 8579.12 10.75 0.80 87.88 12.11 
S30210R2 0.6 5.737 660.63 7551.32 9.72 0.67 88.04 11.95 
S40210R2 0.3 5.839 702.13 7376.84 9.36 0.79 84.59 15.40 
S50210R2 0.55 8.389 516.81 6665.38 10.18 0.79 89.98 10.01 
S60210R2 0.7 8.003 567.74 7184.32 10.18 0.89 85.08 14.91 
S70210R2 0.85 9.33 750.73 5151.08 9.87 0.49 91.3 8.7 
S80210R2 1.1 9.269 473.73 7010.1 9.86 0.90 86.12 13.87 
S90210R2 0.1 7.325 509.37 6573.96 9.74 0.60 87.75 12.24 
S100210R2 0.65 8.339 266.84 4375.06 9.52 0.82 89.42 10.57 
S110210R2 0.3 8.8 312.11 5154.24 9.95 0.68 93.23 6.76 
S120210R2 0.15 9.749 389.47 5263.08 9.43 0.62 90.06 9.93 
         
S10211R3 0.5 3.725 269.46 4474.5 9.83 1.92 75.64 24.35 
S20211R3 0.35 5.369 520.69 10330.3 10.4 1.00 87.03 12.96 
S30211R3 0.4 6.195 732.82 9434.52 9.43 1.21 83.93 16.06 
S40211R3 0.4 6.023 561.95 8810.08 9.16 0.96 85.09 14.90 
S50211R3 0.7 7.879 387.12 7708.72 10.65 1.03 85.62 14.37 
S60211R3 0.75 8.171 287.01 5749.72 9.86 1.03 84.76 15.23 
S70211R3 0.5 7.57 697.69 7737.4 9.42 0.89 83.79 16.20 
S80211R3 0.45 7.755 526.09 9478.78 10.05 0.90 86.00 13.99 
S90211R3 0.25 6.143 793.65 8111.12 10.11 0.98 83.98 16.01 
S100211R3 0.55 7.286 870.36 8105.54 9.74 1.10 84.67 15.32 
S110211R3 0.55 8.58 2786.5 10155.94 10.67 0.88 86.50 13.49 
S120211R3 0.26 9.053 488.47 6455.68 10.26 0.75 84.91 15.08 
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A.2: Flush Dairy Manure Solids Profile 
 
Sample 
Number 
TDS 
(g) 
Total 
Solids 
(g) 
K 
(mg/L) 
P 
(mg/L) 
C% 
Dry 
Wt 
N% 
Dry 
Wt 
Ash % Organics 
% 
S10118R1 1.65 5.06 3684.04 6177.26 34.25 1.52 75.45 24.54 
S20118R1 1.1 6.43 3541.96 6410.76 21.25 0.98 86.11 13.88 
S30118R1 1.45 6.99 3569.82 6609.24 19.94 1.08 86.34 13.65 
S40118R1 1.6 7.84 5671.44 7256.92 19.26 1.11 85.15 14.84 
S50118R1 1.6 8.69 1837.536 5510.34 18.93 0.95 95.18 4.813 
S60118R1 1.75 8.00 4141.64 7068.18 19.57 1.04 88.98 11.01 
S70118R1 1.75 8.08 4346.88 6305.34 18.31 0.94 88.82 11.17 
S80118R1 1.65 7.59 3554.84 6515.92 21.6 1.13 93.18 6.818 
S90118R1 1.75 7.59 4468.04 7724.62 20.24 1.01 92.80 7.193 
S100118R1 0.8 8.60 5665.12 7380.94 20.03 1.12 91.09 8.901 
S110118R1 1.2 11.29 2715.6 6079.28 17.71 0.88 92.76 7.238 
S120118R1 1.1 13.24 2607.02 4815.5 16.69 0.9 91.23 8.762 
         
S10123R2 2.8 6.01 8180.66 6052.26 35.22 2.03 74.74 25.25 
S20123R2 2.1 7.50 10010.3 9777.04 26.87 1.58 87.88 12.11 
S30123R2 2.05 8.50 12062.56 8082.62 22.32 1.30 88.04 11.95 
S40123R2 2.15 7.29 13099.4 10000.1 23.67 1.49 84.59 15.40 
S50123R2 2.3 11.57 4755.42 7098.62 19.02 0.93 89.98 10.01 
S60123R2 1.9 11.90 5567.42 6540.06 18.62 1.02 85.08 14.91 
S70123R2 2.05 9.64 8553.92 7384.52 20.66 1.14 91.3 8.7 
S80123R2 2.35 11.83 7794.22 6386.32 19.96 0.97 86.12 13.87 
S90123R2 2.35 11.60 5970.24 6179.86 18.58 1.01 87.75 12.24 
S100123R2 1.05 11.53 5302.52 5800.58 18.37 0.95 89.42 10.57 
S110123R2 1.1 13.96 2914.06 5033.1 17.24 0.80 93.23 6.766 
S120123R2 1.6 12.73 6115.08 7340.7 19.06 1.05 90.06 9.933 
         
S10123R3 2.35 5.59 8940.92 6450.34 40.03 3.23 75.64 24.35 
S20123R3 2.05 6.56 8864.36 11333.62 25.27 1.57 87.03 12.96 
S30123R3 1.9 7.65 9384.1 9604.72 21.88 1.47 83.93 16.06 
S40123R3 2.05 8.13 10015.88 9654.54 24.33 1.55 85.09 14.90 
S50123R3 2.1 8.20 3807.54 8053.84 20.2 1.09 85.62 14.37 
S60123R3 2.5 11.39 6109.44 7730.62 19.25 1.09 84.76 15.23 
S70123R3 2 10.6 7167.84 7672.76 19.18 1.10 83.79 16.20 
S80123R3 2.15 10.47 6924.4 8729.12 22.19 1.29 86.00 13.99 
S90123R3 1.4 8.21 5255.1 7378.22 20.45 1.25 83.98 16.01 
S100123R3 2.3 11.17 4444.72 8389.84 20.24 1.2 84.67 15.32 
S110123R3 1.35 11.31 5803.16 7674.44 20.11 1.19 86.50 13.49 
S120123R3 1.3 13.77 6281 6903.28 17.7 0.85 84.91 15.08 
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A.3: Dairy Lagoon Solids Profile 
 
Sample 
Number 
TDS 
in 
1L(g) 
Total 
Solids 
(g) 
K 
(mg/L) 
P 
(mg/L) 
C 
%Dry 
Wt 
N 
%Dry 
Wt 
Ash % Organics 
% 
S10207R1 1.15 2.19 10186.42 4557.28 14.5 1.89 75.45 24.54 
S20207R1 0.6 3.36 3820.36 10264.6 11.45 0.53 86.11 13.88 
S30207R1 0.6 4.05 5317.82 9448.46 11.17 0.46 86.34 13.65 
S40207R1 0.7 3.93 5983.2 10144.06 9.89 0.40 85.15 14.84 
S50207R1 1.5 5.35 292.17 6435.4 12.05 0.45 95.18 4.81 
S60207R1 0.95 6.76 2158.6 6292.56 10.67 0.29 88.98 11.01 
S70207R1 1.05 6.05 3074.9 6871.08 10.25 0.33 88.82 11.17 
S80207R1 1.25 6.40 1815.05 7451.54 10.95 0.35 93.18 6.81 
S90207R1 0.8 6.44 3255.3 8713.56 10.59 0.40 92.80 7.19 
S100207R1 0.55 6.79 2689.72 6093.58 9.74 0.30 91.09 8.90 
S110207R1 0.6 7.77 2071.72 5622.06 10.38 0.27 92.76 7.23 
S120207R1 0.1 7.50 1796.13 5012.36 10.15 0.27 91.23 8.76 
         
S10207R2 1.75 2.81 12585.96 5571.58 30.95 2.92 74.74 25.25 
S20207R2 0.8 5.07 2566.18 9052.52 11.88 0.4 87.88 12.11 
S30207R2 0.6 4.80 3899.42 7704.9 11.47 0.45 88.04 11.95 
S40207R2 0.9 5.69 1953.06 5570.54 10.67 0.39 84.59 15.40 
S50207R2 0.8 7.14 1098.19 5199.58 11.41 0.28 89.98 10.01 
S60207R2 1.05 6.18 2202.34 7679.96 11.54 0.41 85.08 14.91 
S70207R2 1.25 7.99 1704.724 5986.42 10.68 0.33 91.3 8.7 
S80207R2 1.07 7.64 1408.76 6153.42 11.69 0.33 86.12 13.87 
S90207R2 0.25 7.32 1928.564 4869.56 10.81 0.29 87.75 12.244 
S100207R2 1.15 7.91 1709.246 5938.8 10.63 0.34 89.42 10.57 
S110207R2 0.4 6.04 877.46 7509.9 11.55 0.37 93.23 6.76 
S120207R2 0.8 6.83 2748.98 5942.68 10.83 0.36 90.06 9.93 
         
S10207R3 1.45 2.68 12895.22 4018.76 15.75 1.98 75.64 24.35 
S20207R3 0.6 4.31 4086.38 10549.14 12.59 0.54 87.03 12.96 
S30207R3 0.6 4.42 5043.44 10665.12 11.51 0.56 83.93 16.06 
S40207R3 0.75 4.83 5063.4 9965.42 10.59 0.51 85.09 14.90 
S50207R3 0.95 5.14 2779.1 10490.58 12.44 0.51 85.62 14.37 
S60207R3 0.6 5.31 3630.02 9738.1 11.64 0.55 84.76 15.23 
S70207R3 0.95 5.84 4683.78 8647.16 10.8 0.45 83.79 16.20 
S80207R3 1.3 9.2 1741.914 6281.16 12.42 0.44 86.00 13.99 
S90207R3 1.25 7.82 1996.87 6297.28 11.33 0.35 83.98 16.01 
S100207R3 0.85 7.04 3166.06 7324.78 10.65 0.39 84.67 15.32 
S110207R3 0.65 7.86 3175.5 6830.48 10.91 0.37 86.50 13.49 
S120207R3 0.35 7.37 2104.48 6425.84 10.74 0.40 84.91 15.08 
 
 
 
62 
 
A.4: Alligator Lagoon Supernatant Profile 
 
SAMPLE 
NUMBER 
pH PO4 
(mg/L) 
TP 
(mg/L) 
K 
(mg/L) 
NO2 
(mg/L) 
NO3 
(mg/L) 
TKN 
(mg/kg) 
S10209R1 8.1 12.91 20.69 21.78 5.43 0.03 230.91 
S20209R1 10.6 0.38 0.08 19.77 0 0.02 207.24 
S30209R1 11.1 0 0.15 19.92 0 0.03 209.53 
S40209R1 11.5 0.42 0.072 19.65 0.20 0.06 213.63 
S50209R1 12.1 0.49 0.03 20.63 0.14 0.05 225.64 
S60209R1 12.1 0.84 0.02 19.84 0.14 0.05 228.99 
S70209R1 12.2 0.53 0.02 34.17 0.12 0.07 245.65 
S80209R1 12.3 0.50 0.00 20.02 0.16 0.04 237.61 
S90209R1 12.3 0.64 0.01 20.83 0.12 0.03 230.65 
S100209R1 12.4 0.56 0.02 21.10 0.13 0.06 228.15 
S110209R1 12.4 0.80 0.01 23.73 0.21 0.08 227.41 
S120209R1 12.4 0.64 0.00 21.08 0.13 0.05 221.53 
        
S10210R2 8 13.09 42.04 44.21 6.74 0.04 151.28 
S20210R2 11.6 0 0.10 18.92 0.02 0.01 146.55 
S30210R2 11.7 0.33 0.06 19.32 0.03 0.04 141.09 
S40210R2 11.8 0.54 0.04 19.02 0.04 0.07 142.60 
S50210R2 12 0.48 0.01 20.12 0.03 0.03 144.56 
S60210R2 12.1 0.53 0.02 19.63 0.04 0.05 135.85 
S70210R2 12.2 0.61 0.01 20.72 0.04 0.06 140.14 
S80210R2 12.3 0.38 0.01 20.18 0.12 0.03 137.33 
S90210R2 12.3 0.37 0.01 19.53 0.05 0.04 132.18 
S100210R2 12.3 0.63 0.01 21.43 0.08 0.09 130.02 
S110210R2 12.4 0.75 0.01 21.48 0.04 0.02 130.34 
S120210R2 12.4 0.55 0.00 21.25 0.05 0.04 131.26 
        
S10211R3 8.1 12.83 20.39 22.22 5.36 0.04 142.10 
S20211R3 11.4 0.53 0.05 19.41 0.02 0.02 137.21 
S30211R3 11.6 0.43 0.07 19.10 0.03 0.03 132.60 
S40211R3 11.7 0.42 0.07 19.30 0.02 0.05 120.16 
S50211R3 12 0.30 0.03 18.68 0.02 0.04 122.20 
S60211R3 12.1 0.30 0.03 19.19 0.05 0.06 127.32 
S70211R3 12.1 0.75 0.01 19.53 0.04 0.04 127.72 
S80211R3 12 0.64 0.06 17.32 0.05 0.02 119.35 
S90211R3 12 0.20 0.04 18.51 0.06 0.05 121.01 
S100211R3 12.1 0.58 0.02 18.02 0.05 0.06 124.76 
S110211R3 12.2 0.63 0.02 18.80 0.06 0.03 121.40 
S120211R3 12.3 0.44 0.02 19.87 0.10 0.05 115.50 
 
 
 
 
63 
 
A.5: Dairy Lagoon Supernatant Profile 
 
SAMPLE 
NUMBER 
pH PO4 
(mg/L) 
TP 
(mg/L) 
K 
(mg/L) 
NO2 
(mg/L) 
NO3 
(mg/L) 
TKN 
(mg/kg) 
S10207R1 8.1 24.42 40.80 160.32 0 0 93.04 
S20207R1 11.5 0.66 0.39 129.86 0.21 0.03 95.67 
S30207R1 11.7 0.36 0.53 128.28 0.22 0.05 94.20 
S40207R1 11.7 0.64 0.41 125.98 0.22 0.06 90.72 
S50207R1 11.9 0.02 0.14 133.08 0.27 0.05 89.91 
S60207R1 12.1 0.51 0.10 121.06 0.31 0.05 87.19 
S70207R1 12.1 0.66 0.10 118.70 0.26 0.05 89.62 
S80207R1 12.2 0.69 0.07 125.83 0.26 0.02 84.47 
S90207R1 12.1 0.45 0.10 118.70 0.49 0.06 90.99 
S100207R1 12.2 0.63 0.06 127.75 0.30 0.08 82.03 
S110207R1 12.3 0 0.05 124.24 0.26 0.02 91.85 
S120207R1 12.3 0.96 0.04 128.72 0.29 0.04 89.63 
        
S10207R2 7.8 37.42 56.20 189.20 0 0.01 28.84 
S20207R2 11.7 0.18 0.76 135.38 0.04 0.03 30.00 
S30207R2 11.8 0.17 0.83 133.40 0.23 0.05 30.25 
S40207R2 11.8 0.15 0.41 130.13 0.23 0.06 29.79 
S50207R2 12 0.16 0.14 132.91 0.06 0.03 29.66 
S60207R2 12 0.18 0.22 133.70 0.06 0.04 29.75 
S70207R2 12.2 0.35 0.12 123.79 0.05 0.04 28.38 
S80207R2 12.2 0.21 0.08 127.14 0.06 0.03 27.43 
S90207R2 12.2 0.16 0.05 126.13 0.13 0.06 28.38 
S100207R2 12.2 0.15 0.11 126.27 0.06 0.04 28.79 
S110207R2 12.3 0.16 0.07 129.42 0.12 0.02 28.73 
S120207R2 12.3 0.15 0.07 129.55 0.06 0.03 27.73 
        
S10207R3 8.4 17.07 29.24 136.20 0 1.41 23.39 
S20207R3 11.5 0.82 0.62 129.13 0.18 0.03 22.54 
S30207R3 11.7 0.42 0.87 133.73 0.20 0.06 22.50 
S40207R3 11.8 0.45 1.18 129.60 0.07 0.06 22.56 
S50207R3 12.1 0.53 0.13 131.46 0.15 0.10 22.87 
S60207R3 12.1 0 0.13 129.36 0.28 0.12 23.14 
S70207R3 12.2 1.00 0.11 124.35 0.02 0.01 22.91 
S80207R3 12.3 0.03 0.07 126.63 0.34 0.06 23.25 
S90207R3 12.3 0.54 0.09 125.35 0.17 0.09 22.95 
S100207R3 12.4 0.72 0.08 129.50 0.16 0.08 22.94 
S110207R3 12.4 0.97 0.05 133.98 0.15 0.05 22.82 
S120207R3 12.4 0 0.06 131.65 0.16 0.07 22.93 
 
 
 
 
64 
 
A.6: Flush Dairy Manure Supernatant Profile 
 
SAMPLE 
NUMBER 
pH PO4 
(mg/L) 
TP 
(mg/L) 
K 
(mg/L) 
NO2 
(mg/L) 
NO3 
(mg/L) 
TKN 
(mg/kg) 
S10118R1 7.72 27.93 63.28 170.56 4.91 0.00 103.15 
S20118R1 11.01 0.44 23.74 165.87 0.38 0.79 86.39 
S30118R1 10.75 1.33 23.70 166.84 0.19 1.05 96.07 
S40118R1 10.83 0.60 22.51 165.88 0.41 0.05 83.62 
S50118R1 11.47 0.12 13.68 164.17 0.40 0.03 88.9 
S60118R1 11.32 0 23.05 164.17 0.40 0.65 93.20 
S70118R1 11.19 0.28 19.50 167.60 0.39 0.06 92.32 
S80118R1 11.25 0 23.79 167.49 0.39 0.03 90.56 
S90118R1 11.21 0 22.81 169.11 0.39 0.04 93.77 
S100118R1 11.31 0 20.24 164.80 0.39 0.06 96.50 
S110118R1 11.72 0 4.23 155.99 0.40 0.03 91.15 
S120118R1 11.76 0 4.02 148.94 0.39 0.05 92.89 
        
S10123R2 7.26 35.32 79.89 262.25 4.69 0.02 255.69 
S20123R2 9.36 1.48 28.88 260.76 3.20 0.00 262.75 
S30123R2 10.01 1.80 19.13 256.02 2.60 0.01 272.02 
S40123R2 9.9 1.34 16.87 255.97 3.04 0.01 263.56 
S50123R2 11.1 0.07 19.34 249.61 0.05 0.03 272.53 
S60123R2 11.5 0 14.79 249.40 0.07 0.04 309.73 
S70123R2 10.5 0.69 19.59 246.10 1.1 0.02 311.92 
S80123R2 10.8 0.36 27.19 255.98 0.01 0.01 283.95 
S90123R2 10.9 0.48 15.87 251.50 0.04 0.02 292.66 
S100123R2 11.6 0 8.95 229.28 0.08 0.05 289.44 
S110123R2 11.7 0 4.78 226.50 0.09 0.03 277.73 
S120123R2 11.7 0 9.35 234.39 0.07 0.04 272.56 
        
S10123R3 8.6 34.69 77.56 255.40 4.58 0.02 258.40 
S20123R3 9.8 0.95 22.13 229.54 2.78 0.02 282.50 
S30123R3 10.1 0.94 33.26 246.13 3.10 0.01 278.65 
S40123R3 10 0.37 32.19 246.65 3.01 0.02 260.65 
S50123R3 10.7 0.38 28.28 249.50 0.81 0.02 269.23 
S60123R3 11.3 0.11 25.98 249.76 0.05 0.05 299.39 
S70123R3 10.5 0.93 18.69 228.82 0.97 0.02 266.41 
S80123R3 11.3 0 15.93 242.88 0.06 0.03 256.75 
S90123R3 11.3 0 16.10 236.28 0.06 0.04 248.30 
S100123R3 11.6 0 11.4 246.03 0.07 0.05 256.77 
S110123R3 11.8 0 23.03 729.72 0.08 0.04 261.61 
S120123R3 11.6 0 12.71 232.24 0.08 0.04 255.82 
 
 
 
 
65 
 
A.7: NH4
+
 Concentration and Alkalinity in Alligator Wastewater Samples 
 
SAMPLE 
NUMBER 
NH4 (mg/L) ALKALINITY     
(mg CaCO3/L) 
T00214R1 205.45 500 
T10214R1 187.22 625 
T20214R1 189.5 625 
T30214R1 193.37 1500 
T40214R1 205.45 1500 
T50214R1 208.79 875 
T60214R1 225.45 1375 
T70214R1 217.4 1500 
T80214R1 210.49 1875 
T90214R1 207.95 1750 
T100214R1 207.11 2000 
T110214R1 201.34 2625 
   
T00215R2 124.49 625 
T10215R2 126.52 750 
T20215R2 121.02 1000 
T30215R2 122.49 1250 
T40215R2 124.49 1750 
T50215R2 115.76 1250 
T60215R2 120.04 2000 
T70215R2 117.17 2625 
T80215R2 112.08 1750 
T90215R2 109.84 1875 
T100215R2 110.28 2375 
T110215R2 111.17 3000 
   
T00216R3 116.7 375 
T10216R3 117.17 750 
T20216R3 112.53 1250 
T30216R3 100.09 1250 
T40216R3 102.13 1500 
T50216R3 107.2 1625 
T60216R3 107.64 2625 
T70216R3 99.28 2875 
T80216R3 100.9 3125 
T90216R3 104.64 3250 
T100216R3 101.31 4250 
T110216R3 95.35 3625 
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A.8: NH4
+
 Concentration and Alkalinity in Dairy Lagoon Wastewater Samples 
 
 SAMPLE 
NUMBER 
NH4 (mg/L) ALKALINITY(mg 
CaCO3/L) 
T00221R1 73.04 625 
T10221R1 75.43 3125 
T20221R1 73.93 1375 
T30221R1 70.43 1250 
T40221R1 69.58 2875 
T50221R1 66.82 2875 
T60221R1 69.3 2750 
T70221R1 64.18 2875 
T80221R1 70.43 3375 
T90221R1 61.64 3375 
T100221R1 71.57 2875 
T110221R1 69.3 2750 
   
T00222R2 8.83 500 
T10222R2 9.93 1250 
T20222R2 9.97 1125 
T30222R2 9.49 750 
T40222R2 9.57 2000 
T50222R2 9.65 2625 
T60222R2 8.28 2375 
T70222R2 7.33 2375 
T80222R2 8.18 2500 
T90222R2 8.69 2500 
T100222R2 8.58 4125 
T110222R2 7.63 3500 
   
T00223R3 1.98 500 
T10223R3 2.33 1125 
T20223R3 2.24 1375 
T30223R3 2.42 1125 
T40223R3 2.62 1625 
T50223R3 2.74 2000 
T60223R3 2.87 1875 
T70223R3 2.84 1375 
T80223R3 2.69 3000 
T90223R3 2.7 3000 
T100223R3 2.61 2750 
T110223R3 2.7 2750 
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A.9: NH4
+
 Concentration and Alkalinity in Flush Dairy Manure Wastewater Samples 
 
SAMPLE 
NUMBER 
NH4 (mg/L) ALKALINITY(mg 
CaCO3/L) 
T00119R1 78.23 875 
T10119R1 65.22 875 
T20119R1 74.83 875 
T30119R1 63.15 687.5 
T40119R1 68.46 2875 
T50119R1 72.14 1437.5 
T60119R1 71.86 1000 
T70119R1 70.14 2937.5 
T80119R1 73.33 2625 
T90119R1 76.05 2500 
T100119R1 70.71 3625 
T110119R1 72.45 2625 
   
T00128R2 230.98 1250 
T10128R2 239.54 1125 
T20128R2 249.41 1625 
T30128R2 240.5 1625 
T40128R2 252.45 1125 
T50128R2 289.62 1125 
T60128R2 290.8 875 
T70128R2 263.92 2250 
T80128R2 272.59 2250 
T90128R2 269.31 2375 
T100128R2 257.6 2750 
T110128R2 252.45 2625 
   
T00131R3 233.8 1375 
T10131R3 259.69 1250 
T20131R3 255.53 1000 
T30131R3 237.61 1125 
T40131R3 248.4 1000 
T50131R3 279.28 1125 
T60131R3 245.41 1375 
T70131R3 236.65 2500 
T80131R3 228.2 5875 
T90131R3 236.65 2000 
T100131R3 241.48 3250 
T110131R3 235.7 2375 
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A.10: NH3 Concentration in Alligator Lagoon Acid Traps 
 
SAMPLE NUMBER NH3 (mg/L) 
T00214R1 0.05 
T10214R1 0.04 
T20214R1 0.04 
T30214R1 0.03 
T40214R1 0.03 
T50214R1 0.03 
T60214R1 0.03 
T70214R1 0.03 
T80214R1 0.03 
T90214R1 0.03 
T100214R1 0.03 
T110214R1 0.03 
  
T00215R2 0.02 
T10215R2 0.02 
T20215R2 0.02 
T30215R2 0.02 
T40215R2 0.02 
T50215R2 0.02 
T60215R2 0.02 
T70215R2 0.02 
T80215R2 0.02 
T90215R2 0.02 
T100215R2 0.02 
T110215R2 0.02 
  
T00216R3 0.02 
T10216R3 0.01 
T20216R3 0.01 
T30216R3 0.01 
T40216R3 0.02 
T50216R3 0.02 
T60216R3 0.02 
T70216R3 0.01 
T80216R3 0.02 
T90216R3 0.02 
T100216R3 0.02 
T110216R3 0.01 
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A.11: NH3 Concentration in Dairy Lagoon Acid Traps 
 
SAMPLE NUMBER NH3 (mg/L) 
T00221R1 0.02 
T10221R1 0.02 
T20221R1 0.02 
T30221R1 0.02 
T40221R1 0.02 
T50221R1 0.02 
T60221R1 0.02 
T70221R1 0.02 
T80221R1 0.02 
T90221R1 0.02 
T100221R1 0.02 
T110221R1 0.02 
  
T00222R2 0.02 
T10222R2 0.02 
T20222R2 0.02 
T30222R2 0.02 
T40222R2 0.02 
T50222R2 0.02 
T60222R2 0.02 
T70222R2 0.02 
T80222R2 0.02 
T90222R2 0.01 
T100222R2 0.02 
T110222R2 0.01 
  
T00223R3 0.02 
T10223R3 0.02 
T20223R3 0.02 
T30223R3 0.01 
T40223R3 0.04 
T50223R3 0.04 
T60223R3 0.03 
T70223R3 0.02 
T80223R3 0.01 
T90223R3 0.01 
T100223R3 0.01 
T110223R3 0.01 
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A.12: NH3 Concentration in Flush Dairy Manure Acid Traps 
 
SAMPLE NUMBER NH3 (mg/L) 
T00119R1 0.07 
T10119R1 0.06 
T20119R1 0.04 
T30119R1 0.06 
T40119R1 0.07 
T50119R1 0.04 
T60119R1 0.07 
T70119R1 0.07 
T80119R1 0.04 
T90119R1 0.05 
T100119R1 0.03 
T110119R1 0.02 
  
T00128R2 0.01 
T10128R2 0.01 
T20128R2 0.01 
T30128R2 0.01 
T40128R2 0.01 
T50128R2 0.01 
T60128R2 0.01 
T70128R2 0.01 
T80128R2 0.01 
T90128R2 0.01 
T100128R2 0.01 
T110128R2 0.01 
  
T00131R3 0.01 
T10131R3 0.01 
T20131R3 0.02 
T30131R3 0.01 
T40131R3 0.02 
T50131R3 0.01 
T60131R3 0.01 
T70131R3 0.01 
T80131R3 0.01 
T90131R3 0.01 
T100131R3 0.01 
T110131R3 0.01 
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